Objective: There is limited information from population-based cancer registries regarding prognostic features of bilateral primary breast cancer (BPBC). Methods: Female patients diagnosed with BPBC between 2004 and 2014 were randomly divided into training (n = 7740) and validation (n = 2579) cohorts from the Surveillance, Epidemiology, and End Results Database. We proposed five various models. Multivariate Cox hazard regression and competing risk analysis were to explore prognosis factors in training cohort. Competing risk nomograms were constructed to combine significant prognostic factors to predict the 3-year and the 5-year survival of patients with BPBC. At last, in the validation cohort, the new score performance was evaluated with respect to the area under curve, concordance index, net reclassification index and calibration curve. Results: We found out that age, interval time, lymph nodes invasion, tumor size, tumor grade and estrogen receptor status were independent prognostic factors in both multivariate Cox hazard regression analysis and competing risk analysis. Concordance index in the model of the worse characteristics was 0.816 (95% CI: 0.791-0.840), of the bilateral tumors was 0.819 (95% CI: 0.793-0.844), of the worse tumor was 0.807 (0.782-0.832), of the first tumor was 0.744 (0.728-0.763) and of the second tumor was 0.778 (0.762-0.794). Net reclassification index of the 3-year and the 5-year between them was 2.7% and −1.0%. The calibration curves showed high concordance between the nomogram prediction and actual observation. Conclusion: The prognosis of BPBC depended on bilateral tumors. The competing risk nomogram of the model of the worse characteristics may help clinicians predict survival simply and effectively. Metachronous bilateral breast cancer presented poorer survival than synchronous bilateral breast cancer. K E Y W O R D S bilateral breast neoplasm, end results (SEER) database, epidemiology, nomograms, prognosis, surveillance
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| INTRODUCTION
Breast cancer is the most common female malignancy worldwide 1 and the contralateral primary breast cancer is the most common second primary cancer in breast cancer patients. 2, 3 Nowadays, the increasing breast cancer incidence rates, improving diagnosis and longer life expectancy have contributed to the growing number of female patients at risk for bilateral primary breast cancer (BPBC), which comprised of approximately 2%-11% of all breast cancer. 4, 5 Most studies reported that patients diagnosed with contralateral breast cancer had worse prognosis than patients with unilateral breast cancer (UBC). 4, [6] [7] [8] [9] However, little is known that what significant factors lead to worse prognosis in patients with BPBC and their impact on prognosis is controversial. We have no idea whether it is the first tumor, the second tumor or the bilateral tumors which plays a more important role in BPBC.
With the rapid development of early detection and treatment, the mortality has decreased greatly in developed countries. 10, 11 Nevertheless, a corollary of reduced mortality is the greater opportunity to come to being other conditions, such as second primary cancer and cardiovascular disease. 12 A high risk of competing noncancer events is inevitable. Therefore, it is necessary to consider the competing death when evaluating the prognosis. Nowadays, the competing risk analysis has been widely used in various cancer research. [13] [14] [15] [16] [17] [18] Nomogram is a valuable and convenient tool to quantify various biological and clinical variables to generate a graph of mathematical model that can predict a special endpoint. 19 To date, several competing risk nomograms have been constructed to predict the survival probability for cancers such as thyroid cancer and lung cancer. 17, 18 The purpose of the study was to find out prognostic factors in BPBC by competing risk analysis. Based on this, we looked for a concise model and constructed a competing risk nomogram that could be used for individualized risk assessment in BPBC.
| PATIENTS AND METHOD

| Data acquisition and patient selection
The data were selected from 18 registries of the Surveillance, Epidemiology, and End Results Database (SEER) program, which included female patients with breast cancer from 2004 to 2014. Then, we excluded the patients as follows:
1. Follow-up less than 3 months. 2. Did not undergo a surgical operation. 3. Cancer metastasis. 4 . Ductal carcinoma in situ and lobular carcinoma in situ. 5. Unknown data. 6. Unconfirmed pathology.
For obtaining BPBC patients, we then merged patient-unique identification numbers, removed patients diagnosed with third or more primaries cancer and ipsilateral breast cancer. At last, there were 10 319 BPBC patients included in the study.
The following data were collected for each patient: patient number, age, race, interval time, follow-up time, death, cancer-specific death, other causes of death, tumor size, lymph nodes, grade, estrogen receptor (ER) status, progesterone receptor (PR) status, histologic type, radiation record, surgical method. As chemotherapy record was no/unknown and human epidermal growth factor receptor-2 (HER-2) status was available after 2010, the data were not incorporated into research and analysis. In addition, age and follow-up time of contralateral breast cancer were calculated.
| Construction of the nomograms
The eligible patients were divided into two groups randomly: training cohort (n = 7740) and validation cohort (n = 2579). Continuous variable (interval time) was classified into three groups with X-tile. Interval time means the interval between the first primary breast cancer and the second primary breast cancer. We conducted a descriptive analysis of the baseline clinical features of the included patients and used the chi-square test to compare the characteristics of synchronous bilateral breast cancer (SBBC) and metachronous bilateral breast cancer (MBBC). The multivariable Cox regression analysis was used to define the factors independently influencing breast cancer-specific survival (BCSS) in the training cohort. Afterwards, some meaningless variables were excluded by stepwise model selection. Based on this, we further screened for prognosis impact factors by Fine and Gray's competing risk regression analysis and constructed a corresponding competing risk nomogram. 20, 21 In addition, there were four new models brought up: 
| Validation of the nomograms
To evaluate the discrimination and accuracy ability of five competing risk nomograms, we used the Harrell's concordance index (C-index) with a 95% confidence interval (95% CI) in the validation cohort, which were subjected to 500 bootstrap resamples. The value of C-index ranges from 0.5 to 1, which resembles the area under the curve (AUC). 22 0.5 indicates a random chance and 1 reflects a perfect discrimination. Calibration plots (500 bootstrap resamples) were generated to examine the agreement between the nomogram-predicted and actual 3-year and 5-year survival. The predictions were expected to fall on a 45° diagonal line in a perfect calibrated model. Moreover, we drew receiver operating characteristic curves of five models, and made a comparison among them. Net reclassification improvement (NRI, continuous version) was estimated to classify cases and controls adequately for analyzing the predictive abilities between the worse characteristics and the characteristics of bilateral tumors. 23 NRI = P (cases classified better in nomograms) − P (cases classified worse in nomograms) + P (controls classified better in nomograms) − P (controls classified worse in nomograms).
| Statistical analyses
Data analyses were performed using R software version 3.5.1 (R Foundation for Statistical Computing) and X-tile version 3.6.1(Robert L Camp, Yale University). Two-sided P values less than .05 were considered statistically significant. Table 1 , a total of 10 319 eligible patients from 2004 to 2014 were identified from the SEER database. A quarter of the patients was classified as the validation group randomly, and the rest were used to develop nomograms. The median follow-up time was 65 months and was calculated for the entire study cohort according to the reverse Kaplan-Meier method. The median age and interval of all patients was 63 years and 20 months. During the study period, 9.59% patients died from breast cancer and 7.95% patients died from other causes. Patients died of other causes accounted for approximately 45% of all deaths. There were not apparently significant statistical differences between patients in the training and validation cohort except age, tumor size of the first primary breast cancer and histologic of the second primary breast cancer.
| RESULTS
| Clinicopathologic characteristics of patients
AS shown in
In Table 2 , included patients were divided into two groups based on synchronous (interval ≤ 4 months) and metachronous (interval > 4 months) bilateral breast cancer, and there were distinct differences between two groups (P < .001).
Patients with MBBC tended to be older, more often infiltrating ductal carcinoma, the worse differentiated grade and had a higher proportion of ER and PR negative status both in the first tumor (11.11% vs 25.76%, 19.51% vs 34.52%, P < .001) and the second tumor (8.40% vs 24.72%, 18.03% vs 42.77%, P < .001). Besides, in contrast to patients with SBBC, ER, PR discordance and ER, PR concordant negativity made up a larger proportion in MBBC (P < .001).
| Screening for prognostic factors
The multivariate Cox analyses of the bilateral tumors in BCSS were listed in Table 3 . After stepwise model selection, we excluded bilateral histologic, PR status and surgery of the first tumor. Race and radiation of the first tumor were not found to be independently predictive of survival (P = .221 and P = .057, respectively). The strongest predictors were age at diagnosis, interval, ER status, tumor size, lymph nodes, and tumor grade (P < .001). Increasing age per year was predictive of worsened survival (hazards ratio [HR]:1.015; 95% CI: 1.009-1.021; P < .0001). In order to rule out the influence of competing death events, we carried out multivariable competing risk analysis to identify the following independent prognostic factors: age, interval, ER status, tumor grade, tumor size and lymph nodes (P < .05).
We performed the same statistical analysis above in four new models. In Table 4 , Stepwise model selection eliminated surgery and histologic. Under multivariable Cox regression analysis, radiation of the second tumor and the worse PR status were not to be independently predictive of survival. After multivariable competing risk analysis, not surprisingly, we sought out the same independent prognostic factors: age, interval, ER status, tumor grade, tumor size and lymph nodes (P < .05). Interval of 1-4 months showed better survival than interval less than 1 month in multivariable cox regression (HR: 0.819; P = .032) and competing risk analysis (HR: 0.818; P = .069). Multivariable Cox regression and competing risk analysis of the rest models were shown in Tables S1-S3.
| Developing competing risk nomograms
Considering the outcomes of the included variables in five models, the competing risk nomograms were constructed to predict the 3-and 5-year survival (Figure 1 ; Figures S1-S4). By adding up the scores corresponding to each value and normalizing the total scores to the baseline scale, we can easily estimate the predictors for the 3-and 5-year survival.
| Calibration and validation of the nomograms
These competing risk nomograms were validated using the validation cohort and internally processed. 
| DISCUSSION
This study picked out a most convenient and efficient prognostic model out of five to evaluate the mortality for patients with BPBC diagnosed from 2004 to 2014 in the SEER registry. As far as we know, the study is the first to develop a competing risk nomogram and select the worse characteristics as predictive factors, due to the complexity of bilateral variables, to predict survival using a large population-based cohort based on Fine and Gray's competing risk regression analysis. Moreover, further verification indicated that the model performed well in predicting the survival of 3-and 5-year for BPBC patients.
In virtue of the prolonged lifetime, advanced treatment and early detection through systematic screening, the incidence of BPBC had been rising. 4, 24 Most studies focused on diverse clinical features and outcomes between BPBC and UBC. Also, the majority of authors reported the higher incidence and worse survival of BPBC. 9, [25] [26] [27] [28] However, few studies concentrated on the poor prognostic indicators for survival of BPBC patients. So far, no study has reported about competing risk analysis and nomogram of BPBC.
Because of the high proportion of nonbreast cancer deaths, we have to take advantage of competitive risk analysis to explore prognostic factors accurately and reasonably. The results of our study demonstrated that age, interval time, tumor size, lymph nodes, tumor grade and ER status were closely associated with survival in BPBC patients. It revealed that young age, low tumor grade, small tumor size, ER positivity and no lymph node involvement were significant beneficial prognostic factors for survival of both SBBC and MBBC, no matter in the first tumor or in the second tumor. Several studies strongly supported and gave reassuring evidence. 7, [28] [29] [30] [31] Admittedly, it is recognized that these are also considered as vigorous prognostic factors in UBC patients because BPBC itself is derived from UBC. To some extent, they are the same disease. Why BPBC have inferior prognosis? Most probably, larger overall tumor burden of both sides becomes the reason affects prognosis. Mejdahl et al and Qiu et al found out that the combined effect of having two cancers contributed to excess mortality in BPBC. 29, 32 Our study agreed with the point and regraded bilateral tumors variables as a reference standard in five models. Based on this, we performed comparisons and selected an optimal model. The definition of SBBC and MBBC in the existing literature is ambiguous. There is no consensus on the definite cutoff time of interval and each author follows a different criterion. According to X-tile, we chose 4 months as the cutoff time to distinguish SBBC from MBBC. Mejdahl et al shared the similar view on this, 32 while several studies even used a shorter cutoff time such as 3 months. 33, 34 In comparison with SBBC, MBBC was more often with ER, PR discordance and concordant negativity that resulted in poorer prognosis. 35 It is possible that ER/PR positive tumor is prone to be treated with endocrine therapy, which greatly reduces the risk of developing BPBC as time goes on. 36 Here is an interpretation for this phenomenon: the invasive neoplasms progress in response to therapy or over time, which lead to heterogeneous diseases. 38 Several studies held the similar point that MBBC was related to worse survival. 4, 26, 39 They also suggested that MBBC was more likely to show local recurrence. Except to heterogeneity of tumors, maybe it was also because that patients with SBBC tended to receive mastectomy instead of breast-conserving surgery, which was also presented in Table 2 in our study. Patients with MBBC should be followed particularly closely in order to detect recurrence early and maximize quality of life. Moreover, in our study, patients diagnosed with contralateral breast cancer within 1 month showed poorer survival in SBBC ( Figure  1 ; Table 4 ). These patients perhaps diagnosed within 1 month had a higher tumor burden concurrently that imperiled their survival prospects. Patients may not be able to endure under bilateral tumor load in such a short time.
Undeniably, there are some limitations in our study. Firstly, the SEER database is short of schemes, dosage, frequency and periods of chemotherapy, radiotherapy and endocrine therapy, which might cause result bias. Secondly, due to the limited SEER dataset, family history and HER-2 status are unable to be included in this study. Thirdly, external validation set was lack to examine interaction competing risk analysis and nomogram. Last but not least, as a retrospective cohort population, inevitable selection bias might affect the conclusions. More large-scale prospective randomized controlled trials are warranted to identify the risk factors.
In summary, our study found out that age, interval time, bilateral tumor size, bilateral lymph nodes, bilateral tumor grade and bilateral ER status had a strong correlation with survival of BPBC. Thereinto, MBBC (interval > 4 months) presented poorer survival than SBBC (interval ≤ 4 months). In view of these above, a competing risk nomogram were constructed from a new model that incorporated into the worse characteristics regardless of side, which was concise, valid and never mentioned in other literatures. The nomogram may assist clinicians in predicting the survival and evaluating the stage of disease with quantifying indicators in order to guide the management of BPBC patients.
